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[57] ABSTRACT 

In a radiation image system wherein a stimulable phos- 
phor carrying a radiation image stored therein is ex- 
posed to stimulating rays which cause it to emit light in 
proportion to the radiation energy stored, and the emit- 
ted light is detected and converted to an electric signal 
which is processed to reproduce a visible image, several 
reference gradation correction curves are created on an 
orthogonal system of signal level-optical density coor- 
dinates. One of the reference curves is selected and 
rotated around a point on the reference curve on the 
coordinate system, and/or parallel-shifted on the coor- 
dinate system to obtain a desired gradation correction 
curve. 

5 Claims, 5 Drawing Figures 
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to-electric signal conversion is conducted to correct the 

GRADATION CORRECTION CURVE CREATING gradation as described above. , ..... ... 

METHOD AND APPARATUS In general, when the aforesaid gradation processing 

method is carried out, a density-to-electric signal con- 
BACKGROUND OF THE INVENTION 5 version pattern (i.e. the gradation correction pattern) 

adapted to the object and the use purpose is created in 

1. Field of the Invention advance. On the basis of this pattern, a signal conver- 
This invention relates to a method of creating a curve ^ processing ^ conducted on an electric signal ob- 

for correcting the gradation of a radiation image used u&osd by ^ding out the radiation image from a stimu- 

for viewing, particularly for diagnostic purposes, and an |0 lable phospnor and converting it photoelectrically, 

apparatus for carrying out the method. This invention thereby to conduct.the gradation processing. The afore- 

particulariy relates to a method of creating a gradation ^ gradation correction pattern is normally called the 

correction curve used for conducting intermediate pro- gradation correction curve. 

cessing in a radiation image system wherein a radiation However, in the aforesaid gradation processing 

image is read out from a stimulable phosphor carrying 15 method, when the gradation correction curves are cre- 

the radiation image stored therein and reproduced into ated according to various objects and various use pur- 

a visible image, and an apparatus for carrying out the poses, the number of the gradation correction curves 

method. becomes about several tens. Therefore, very much man- 

2. Description of the Prior Art power is required for gathering the data for creating the 
A novel radiation image system for recording a radia- 20 gradation correction curves, and an electronic com- 

tion image in a stimulable phosphor, reading out the puter or the like having a very large capacity for digi- 

radiation image from the stimulable phosphor, and re- tally converting and storing the data. Thus, from the 

producing a visible radiation image on a recording ma- practical viewpoint, this method is not simple, 

terial such as a photographic film ris disclosed, for exam- SUMMARY OF THE INVENTION 
pie, in U.S. Pat No. 4,258,264. This system comprises 25 

the steps of having a radiation passing through an object The primary object of the present invention is to 

and then absorbed by a stimulable phosphor, stimulating provide a method of creating a gradation correction 

the phosphor by light energy to cause the phosphor to curve, which creates many gradation correction curves 

emit the radiation energy stored therein as light, detect- according to various objects and various purposes by 

ing the emitted light and converting it to an electric *> converting a basic gradation correction pattern. 

sigUl used for reproducing a visible image. <*i«* °f * e *»« invention is to provide 

This radiation image system, using the stimulable * method of creating a gradation correction curve, 

phosphor, is advantageous over the conventional radi- which quickly creates many deseed gradation correc- 

ograpby using a silver halide photographic material in , *on curves by use of a data storage means having a 

that Ae imagi can be recorded over a very wide range 35 ™5 storage capacity 

7 , ^ . . . . The specific object of the present invention is to 

of radumon exposure. Tins >s very advantageous m provide S ^ C appara ^ for out ^ m ethod. 

practical-use. The present invention provides a method of creating 

Smce X-rays do harm to the h— body, it is unde- a ^ fQr correctill ^ g^on of a radiation 

suable from the viewpoint of safety to expose the ^ m Q phosphor in a pattern of 

human body, to X-rays of high dose. Therefore, it is energy stored therein wherein said stimulable 

desirable that the necessary information m the radio- hosphor j, ned ^ stimulating rays to cause it to 

graph be obtainable by ex^g the human body only ^ t ^ t m ^ pr0 portional to the level of the 

once to X-rays of comparatively low dose. On Oie other rd ^ &oa st0 red, the emitted light is detected 

hand, radiographs should preferably have both a wide 45 ^ t0 m electric signal having a level corre- 

exposure latitude and high image quality suitable for spondmg to th e emitted amount of the light, and a visi- 

viewing, particularly for diagnostic purposes. Unfortu- ble corresponding to said radiation image is re- 

nately, since the conventional radiography is designed produced on a recording material by use of the electric 

so as to satisfy all the required conditions to some ex- xh c method of creating a curve for correcting the 

tent, the range of recording density or the ability to jq gradation 0 f the radiation image comprising the steps 

record various levels of information is insufficient (one of: 

approach to the elimination of this problem is the afore- (i) creating several reference curves on an orthogonal 

said radiation image system using the stimulable phos- system of signal level-optical density coordinates 

phor), and the image quality is not sufficient for view- wherein the optical density of the visible image repro- 

ing, particularly for diagnostic purposes. Thus, in the 53 duced on said recording material is plotted on one coor- 

conventional radiography, neither of these require- dinate axis, and the level of said electric signal is plotted 

ments is completely satisfied. on the other coordinate axis, 

To solve the above problems, h has been proposed in . ( u ) selecting one of said reference curves, and 

U.S. Pat No. 4,302,672 to improve the image quality, (ft) rotating the selected reference curve around a 

particularly the diagnostic efficiency and accuracy of a go point on said reference curve on said coordinate system, 

radiation image by, when a frontal chest radiation image and/or parallel-shifting said reference curve on said 

stored in a stimulable phosphor is reproduced into a coordinate system, thereby obtaining a desired grada- 

visible image on a recording material, conducting an tion correction curve. 

intermediate processing for correcting the gradation of In the method of the present invention, many desired 

the radiation image so that the contrast of the back- 65 gradation correction curves can be obtained from one 

ground of the human body is decreased, thereby in- of several (about ten) basic gradation correction curves 

creasing the contrast of the heart and the lungs. by rotating and/or parallel-shifting the basic gradation 

. Namely, in this gradation processing method, density- correction curve according to the object, the radiation 
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source voltage, the purpose, or the like. Since it is suffi- of tight emitting diodes, a rhodamine B dye laser or the 

dent that only the data. on the basic gradation correc- like can be used. Further, a tuiigsten todinc lamp having? 1 

don curves be stored in a data storage means such as an a wide wavelength distribution covering near ultra vio- 

electronic computer, the method of the present inven- i et rays, visible light and infrared rays can be used if 

dan is advantageous in that the size of the required data 5 combined with a cut filter which only transmits light of 

storage means can be reduced. The method is advanta- thc wav elength within the range of 500 to 800 nm or 

geous also in that processing can be conducted quickly. 600-700 nm. 

By "gradation correction curve" is meant a curve since the ratio of the stimulating energy and emitted 

representing the relationship between the optical den. ^ m fc ^ ^ ^ ^ ^ ^ N ^ 

SI il5 a rCpr f ^^^SJ?^^^ 10 ™** be markedly lowered if the stimulating rays 

electric signal obtained by photodectncally converting < llM OMfor t , , _ -n,^. . JV ' 

the brightness of the object The gradation correction s ^uld enter the photoo^ton Therefore in order to 

curve istftbe type usually used infieldhnage process- P™**** ^^K.ll^ 1* * " 

m make the wavelength distribution of the stimulating 

FIG. 1 is an explanatory graph showing the rotation l5 rays different from and far apart from the wavelength 

of a gradation correction curve conducted according to distribution of the light emitted from the stnnulable 

the method of the present invention. By "rotation" is phosphor. 

meant that, as shown in FIG. 1, a new curve is created * n or ^ cr to meet requirement, the stimulable 

from a reference curve by shirting the points on the phosphor is desired to emit light having a wavelength 

reference curve in the x coordinate axis direction or in 20 ^^n* 11 *be range of 300 to 500 nm. For example, rare 

the y coordinate axis direction by a distance propor- earth element activated alkaline earth metal fluoroha- 

tional to the from the center of rotation (O) on lide phosphor is preferred. One example of this phos- 

the reference curve to the x coordinates or to the y phor is, as shown in DE-OS No. 29 28 245, a phosphor 

coordinates of the respective points. For example, when represented by the formula (Bai. x .^Mg JI Ca F )FX:aEu 2 + 

the center of rotation (O) on the reference curve has the 25 wherein X is at least one of CI and Br, x and y are 

coordinates (xo, f(xo)) and an arbitrary point P on the numbers satisfying 0<x+y^0.6 and xy^O, and a is a 

reference curve has the coordinates (xl, f^xl)), the coor- number satisfying 10 _6 ^a^5 X 10- 2 . Another exam- 

dinates (x2, y2) of a point P' on a new curve corre- pie of this phosphor is, as shown in U.S. Pat No. 

'sponding to the point P, which is obtained by rotating 4,239,968, a phosphor represented by the formula 

the reference curve in the x coordinate axis direction or 30 (Baj _ JD M // J )FX:yA wherein M 7/ is at least one of Mg, 

in the y coordinate axis direction, are represented by the Ca, Sr, Zn and Cd, X is at least one of CI, Br and I, A 

following formulae: is at least one of Eu, Tb, Ce, Tm, Dy, Pr, Ho, Nd, Yb 

and Er, x is a number satisfying 0^x^0.6, and y is a 

rotation in x coordinate axis direction: number satisfying 0=y=0.2. Further, as the stimulable 

35 phosphor to be used in this invention can be used ZnS : 

( = ^ + Cu,Pb; Ba0.xAl203: Eu wherein 0.8^x^10; and M"- 

\y2 = O.xSiCh: A wherein M n is Mg, Ca, Sr, Zn, Cd or Ba, A 

is Ce, Tb, Eu, Tm, Pb, Tl, Bi or Mn, and x is number 

rotation in y coordinate axb direction: satisfying 0.5^X^2.5, as shown in U.S. Pat. No. 

✓x2 = jei 40 4,236,078. Furthermore, as the stimulable phosphor can 

I be used LnOX : xA wherein Ln is at least one of La, Y, 

\y2 - -y&o)) +>U0) Gd and Lu, X is at least one of CI and Br, A is at least 

, „ , . , _ . one of Ce and Tb, x is a number satisfying 0<x<0.1, as 

wherem a and designate the coefficients with respect m us . Pat Na 4(2 36,078. Among the above 

to the rotation. 45 eumnerated phosphors, the rare earth activated alkaline 

In the present mvention, the rotation or the parcel- earth metal Quorohalide phosphor is the most prefera- 

shift also embraces die case wherem the amount of the w ^ which barium fluorohalides are the most 

rotation or the paralleJ -shift is zero. - . - 4 , ,. , . A r . . - 

~- _^ , , J , , - , ^ . . . preferable m view of the high intensity of emission of 

The stimulable phosphor referred to in this invention {. . °^ 3 

means a phosphor which is able to store radiation en- 50 , . . - . ... . . ... 

ergy upcm exposure thereof to a high energy radiation *f5 er > ^° X f"t phosphors added with a 
and then emits light according to the stored energy fla0 " £ ? e r dlsclos * m J ?™^Vnex^ed 
upon optical stimulation. TTtehigh energy radiation **** J*) 9 *? 2 ™ 
referred tb here includes X-rays, a-rays, 0-rays, y-rays, 56(198 1)-2386, or banum fluorohahde phosphors con- 
neutron rays, ultraviolet rays and the like. 55 tamm S at 16351 one of a metal chloride, a metal bromide 
As for the stimulating rays for stimulating the phos- md a iodide 83 disclosed m European Patent 
phor after the phosphor is excited with the radiation Publication No. 29,963 are also preferable because of 
energy in an image pattern, a light beam having high unproved light emitting characteristics, 
directivity like a laser beam is used. The light beam 11 » als0 desirable to color the phosphor layer of the 
having a wavelength within the range of 500 to 800 «m t 60 stimulable phosphor sheet made of the above phosphor 
preferably within the range of 600 to 700 nm. If a cut by use of pigments or dyes to improve the sharpness of 
niter, which cuts the light having a wavelength beyond the image obtained thereby as disclosed in U.S. Pat. No. 
the above range, is used together with a stimulating ray 4,394,58 1. 

™™£ * stimuUting ray source havinga wavelength DESCRIPTION OF THE DRAWINGS 
distribution beyond said range can be used. 65 

As for the stimulating ray source which emits the FIG. 1 is an explanatory graph showing the rotation 

light having the above mentioned wavelength region, a of a gradation correction curve conducted in the 

Kr-laser (647 nm), a He-Ne laser (633 nmX various kinds method in accordance with the present invention, 
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FIG. 2 is a block diagram showing the whole radia- created easily by use of a smaller amount of information 

..tion image system wherein an embodiment of the than i the amount of information required in the conyen- 

' methoti in accordance" with ' tHe r present' invention is r " tional method. Accordingly, it is possible* to refduce the' 

employed, size of the electronic computer used for the correction 

FIGS. 3 and 4 are graphs showing the distribution of 5 of gradation. Further, in this embodiment, since many 

the amount of a radiation passing through the frontal gradation correction patterns are coordinated to a few 

chest of the human body, and reference patterns and the information is automatically 

FIG. 5 is a graph showing the gradation correction arranged, it becomes easy to select a necessary grada- 

curves created by an embodiment of the method in tion correction pattern and to quickly conduct the 

accordance with the present invention. 10 image processing. 

DESCRIPTION OF THE PREFERRED 3 ™ d 4show fc the ****** Z^TT* 

FAyranrkTA/TPiMT^ a radiation passing through the frontal chest of the 

* U human body. In FIG. 3, a curve 15 indicates the afore- 

The present invention will hereinbelow be described ^ distribution obtained when the radiation tube volt- 

. in further detail with reference to the accompanying 15 age ^ ^ to 100 kVp. In FIG. 4, a curve 17 indicates the 

drawings. aforesaid distribution obtained when the radiation tube 

Referring to FIG. 2, a stimulable phosphor sheet 1 voltage is adjusted to 80 kVp to record the radiation 
carrying a radiation image stored therein is scanned ofthe aame m m p| G# 3f ^d a curve 16 

with a laser beam emitted from a laser beam source 3 via indicates the distribution obtained when the radiation 

a scanning mirror 2 to cause the phosphor sheet 1 to 20 ^be. voltage adjusted to 120 kVp to record the radia- 

emit light in proportion to the radiation energy stored tion imas& of ^ ^ m FIG. 3. In FIGS. 3 

therein. The emitted light is received by a photomulti- ^ 4> the x coordinate axis indicates the intensity of 

plier 4 to read out the radiation image stored in the u ht ^d the y coordinate axis indicates the 

phosphor sheet 1. The output of the photomulUpher 4 « ^ency. As shown in FIGS. 3 and 4, the width ofthe 

amplified by an amplifier 5, loganthmically converted 25 d £SilHrtton obtained when the radiation tube voltage is 

by a loganthmic conversion circuit 6, and then con- adjusted to 80 kVp is larger than when it is adjusted to 

ver^toadim^s^ 10 o kVp, and the width of the distribution obtained 

7. The digital signal thus obtained * once stored ur a ^ P ^ m fa ^ when ft ^ 

memory 8 such as a majmetic disk. In a Ration cor- J a difference in the width of 

rection circuit 9, a desired gradation correction curve is 30 ^ J ' t - . , - ♦ A . . - 

reference curves memorized in advance in an electronic »* «*. change m ou ** 

computer, on the signal leveloptical density coordinate 35 ^J^f* S 7^E^^^ 

system. On the basis this desired gradation correction !* ap ^ * *J^^^ V 2^ H ^!? 

cWthe digital signal stored in thTmemory 8 is pro- *Vpand l20kV ^f e ^T^ \? ^f^^T^ 

cessed. This processing is conducted in a digital opera- correction curve for the tute voltage of 100 JV*. and 

tion circuit Instead of once storing the digital signal in Ration processmg is conducted based on the grada- 

the memory 8, the digital signal obtamed by the A/D 40 tion correction curves thus obtained, 

conversion circuit 7 may bedTectly sent to the grada- . ™3- 5 shows ^ afo^d three ; gradation correc^ 

tion correction circuit 9 for conducting the gradation *on curves 18 19 and 20. In FIG. 5, the x cooroanate 

correction. The output signal obtained by the process- " axis indicates the electric signal level, and the y coorcb- 

ingin the digital operation circuit is then converted to nate axis indicates the optical density ofthe reproduced 

an analog signal by a D/A conversion circuit 10. The 45 visible image. The curve 19 adapted to the tube vo tage 

analog signal is then converted to a light signal by an of 80 kVp and the curve 20 adapted to the tube voltage 

E/O modulator (light modulator), thereby to emit light of 120 kVp are obtained by adjusting the rotation coeffi- 

of an amount corresponding to the light signal from a dents (a) to 0.8 and 1.2, respectively, and rotating 

light source 12 for image reproducing. The light emit- thereby the gradation correction curve 18 for the tube 

ted from the light source 12 is condensed onto a record- 50 voltage of 100 kVp around a point 21 on the curve 18 

ing materia] 14 such as a photographic film by a con- corresponding to an optical density yc=1.6. when 

denser lens 13. While the light impinges upon the re- carrying out the rotation around the point 21 on the 

cording material 14, the recording material 14 is two- reference curve 18, the movement amount is calculated 

dimensionally moved in the directions ofthe arrows. In by multiplying the distance along the y coordinate axis 

this manner, a visible image is reproduced on the re- 55 between the point 21 and an arbitrary point Q on the 

cording material 14. As described above, the stimulable curve 18 by the rotation coefficient (a), and the calcu- 

phosphor sheet 1 is scanned with the laser beam while lated movement amount is added to the y coordinate 

the phosphor sheet 1 is moved perpendicularly to the value of the center of rotation (Le. the point 21), thereby 

scanning direction. On the other hand, the recording to determine the y coordinate value of a point Q' on the 

material 14 is rwo-dimensionally moved while it is ex- 60 curve obtained after the rotation, which corresponds to 

posed to the light the optical axis of which is stationary. the point Q. Namely, in this embodiment, when the 

In the embodiment as described above, a desired center of rotation has the coordinates (Sc, 1.6) and the 

gradation correction curve is obtained by rotating and- arbitrary point Q on the gradation correction curve 18 

/or parallel-shifting a reference gradation correction for the tube vohage of 100 kVp has the coordinates (xl, 

curve, which is selected from about ten reference gra- 65 f(xl)), the coordinates of the point Q' on the gradation 

dation correction curves, according to the object and correction curve 19 for the tube voltage of 80 kVp 

the purpose. Therefore, many (for example, several which corresponds to the point Q and the coordinates 

hundreds of) desired gradation correction curves can be ofthe point Q" on the gradation correction curve 20 for 
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the tube voltage of 120 kVp which corresponds to the 
. point Q are represented by. the folio wmg. formulae:. , ^ 

X = JCl 

Q 5 
/ = 0^(/Ul) - 1.6) + 1.6 

= 0.8y(xl) + 0.32 . 

x « xl 

<T: 10 
y = l^Otxl) - 14) + 1.6 

= uy^i) - a32 

Namely, in the case wherein the tube voltage is adjusted 
to 80 kVp, an image of the same contrast as the contrast 15 
obtained when the tube voltage is adjusted to 100 kVp 
can be obtained by decreasing the density at a portion 
having a density higher than the optical density yc= 1.6 
and increasing the density at a portion having a density 
lower than the optical density yc=1.6. Conversely, in 20 
the case wherein the tube voltage is adjusted to 120 
kVp, the density at a portion having a density higher 
than the optical density yc=1.6 is increased, and the 
density at a portion having a density lower than the 
optical density yc= 1.6 is decreased. 25 

In the embodiment described above, when the tube 
voltage is changed, the output contrast is corrected by 
rotating the reference gradation correction curve and 
creating a desired gradation correction curve. Also 
when the object is changed or when the output contrast 30 
should partially be changed, an image of an appropriate 
image quality can be obtained in the same manner as 
described above. 

In the case of the above-mentioned embodiment, only 
rotation is conducted, and the amount of parallelshift is 35 
zero. 

We claim: 

1. A method of creating a curve for correcting the 
gradation of a radiation image which is first recorded in 
a stimulable phosphor as a pattern of radiation energy 40 
having a radiation energy level wherein said stimulable 
phosphor is then scanned with stimulating rays to cause 
the stimulable phosphor to emit light of an amount 
proportional to the level of the stored radiation energy, 
the emitted light is then detected and converted to an 45 
electric signal having an electric signal level corre- 
sponding to the emitted amount of the light, and a visi- 
ble image corresponding to said radiation image can 
then be reproduced on a recording material by use of 
the electric signal, 50 

the method of creatihg a curve for correcting grada- 
tion of the radiation image comprising the steps of: 

(i) creating several reference curves on an orthogonal 
system of signal level-optical density coordinates 

55 
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wherein the optical density of the visible image 
, reproduced on-said recording material is plotted on 
one coordinate axis and the level of said electric 
signal is plotted on the other coordinate axis, 

(ii) selecting one of said reference curves, and 

(iii) rotating the selected reference curve around a 
point on said reference curve on said coordinate 
system, and/or parallel-shifting said reference 
curve on said coordinate system, thereby obtaining 
a desired gradation correction curve. 

2. A method as defined in claim 1 wherein said elec- 
tric signal is a digital signal. 

3. A method as defined in claim 1 wherein said stimu- 
lating rays are laser beams. 

4. A method as defined in claim 1 wherein said refer- 
ence curve and said desired gradation correction curve 
correspond to the magnitude of a radiation source em- 
ployed for generating the radiation image. 

5. An apparatus for creating a curve for correcting 
gradation of a radiation image in a radiation image sys- 
tem which comprises: 

a radiation image read-out means including a scan- 
ning means for scanning or stimulating a stimulable 
phosphor carrying a stored radiation image, with 
stimulating rays and reading means for reading out 
the stored radiation image by detecting the light 
emitted from the stimulable phosphor upon stimu- 
lation and converting the light to an electric signal 
having a level corresponding to the amount of the 
emitted light; 

a signal processing means for processing the electric 
signal; 

a modulating means controlled by the processed elec- 
tric signal; and, 

a recording means controlled by the modulating 
means for reproducing on a recording material a 
visible image corresponding to the radiation image 
recorded in the stimulable phosphor, 

said signal processing means comprising a gradation 
correction means for creating a desired gradation 
correction curve by rotating a reference curve 
selected from several reference curves, which have 
been created on an orthogonal system of signal 
level-optical density coordinates, wherein the opti- 
cal density of the visible image reproduced on said 
recording material is plotted on one coordinate axis 
and the level of said electric signal is plotted on the 
other coordinate axis, said electric signal having 
been stored in advance in a storage means, around 
a point on said reference curve on said coordinate 
system, and/or parallel-shifting said reference 
curve on said coordinate system. 
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